Four of our datasets are held by third parties and are subject to Data Sharing Agreements (DSAs). Three datasets were provided by the Health and Social Care Information Centre (HSCIC): Hospital Episode Statistics \[HES\]: \* <http://www.hscic.gov.uk/hes>. General and Personal Medical Services statistics \[GMS\]: <http://www.hscic.gov.uk/catalogue/PUB13849>. Number of nursing home patients by GP practice \[NH\]: <https://indicators.ic.nhs.uk/webview/>. The fourth dataset was provided by the Department of Health: Attribution Dataset of GP registered populations \[ADS\]: <http://data.gov.uk/dataset/england-and-wales-nhs-attribution-dataset>. Researchers who wish to use the datasets held by the HSCIC and DH need to make a formal application. The remaining datasets are freely available on the web: Annual Quality and Outcomes Framework (QOF) data for GP practices: <http://qof.hscic.gov.uk/>. Small area data from the Office for National Statistics: <http://www.neighbourhood.statistics.gov.uk>. Attendance allowance \[AA\] data from the Department of Work and Pensions: <http://tabulation-tool.dwp.gov.uk/NESS/BEN/aa.htm>. General Practice Patient Survey (GPPS): <https://gp-patient.co.uk/surveys-and-reports>.

Introduction {#sec005}
============

The World Health Organisation \[[@pone.0121506.ref001]\] has declared dementia to be the leading cause of dependency and disability amongst older people in high, middle and lower income countries: an estimated 35.6 million people worldwide are living with dementia. With an estimated annual global cost to society of US\$604 billion, it has been noted that, "if dementia care were a country, it would be the world's 21st largest economy, ranking between Poland and Saudi Arabia" (ibid., p. 28). The number of people with dementia is predicted to double every 20 years (ibid., p. 90), trends that are echoed in England where dementia has been described by the British Prime Minister as "one of the biggest challenges we face today" \[[@pone.0121506.ref002]\] and is a top priority for action \[[@pone.0121506.ref003], [@pone.0121506.ref004]\]. At any one time, a quarter of acute hospital beds in England are in use by people with dementia, mainly due to falls (14%), hip fractures (12%), urinary tract infections (9%), chest infections (7%) and stroke (7%) \[[@pone.0121506.ref005]\]. Compared to people with the same underlying conditions but without dementia, hospital stays are longer and costs are higher \[[@pone.0121506.ref006], [@pone.0121506.ref007]\]. Entry into emergency care is a defining moment in the life of someone with dementia and often heralds an avoidable downward health spiral.

Despite some improvements, care for dementia remains poor and fragmented \[[@pone.0121506.ref004], [@pone.0121506.ref008]--[@pone.0121506.ref010]\]. Poor co-ordination, especially between health and social care, can lead to cost shifting and 'problem dumping'---a major cause of poor care and inefficiency \[[@pone.0121506.ref011]\]. Lack of co-ordination between primary, secondary and social care is a key factor in triggering avoidable admissions, for elderly patients and specifically for those with dementia.

Since 2006/7, primary care practices in the UK have been paid to identify patients with dementia and to provide an annual review as part of the Quality and Outcomes Framework (QOF). The QOF is a pay-for-performance scheme that operates in all four countries of the UK. Primary care practices are rewarded for achieving clinical and organisational targets and on measures of self-reported patient experience. The annual review for dementia can be conceived as a broad measure of primary care quality. In the review, communication and coordination arrangements across care boundaries should be assessed; the support needs of the patient and their carer addressed; and the clinician should check the patient's mental and physical health. Compared with their peers, people with dementia are at higher risk of depression and are less likely to report physical conditions \[[@pone.0121506.ref012]\]. Therefore, the review should increase the level of primary (ambulatory) care, outpatient and planned (elective) inpatient care. Insofar as it has a preventative effect, the health check may also reduce the rate of unplanned (emergency) hospital admissions \[[@pone.0121506.ref009], [@pone.0121506.ref013]\].

Given the substantial disease burden and financial costs associated with dementia, the identification of effective mechanisms for reducing avoidable emergency care and improving the detection of treatable conditions is a high national priority \[[@pone.0121506.ref014]\]. The primary objective of this study was to test whether the quality of primary care, as measured by the QOF annual dementia review, has an impact on hospital admissions for people with dementia in England.

Methods {#sec006}
=======

The analyses drew on data from national routine administrative datasets, and the unit of analysis was the primary care practice. We ran a series of count data regression models to test for an association between the quality of primary care, proxied by the QOF dementia review, and hospital admissions ([Table 1](#pone.0121506.t001){ref-type="table"}). Our three research questions asked whether the QOF dementia review was associated with: lower emergency admissions for dementialower emergency admissions for ambulatory care sensitive conditions (ACSCs) \[[@pone.0121506.ref015]\]higher elective admissions for cataract, hip replacement, hernia, prostate disease, or hearing loss (conditions that might reasonably be identified at the annual QOF review).

10.1371/journal.pone.0121506.t001

###### Overview of the 3 models in the GP level analyses.
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  **Model**                  **Exposure**         **QOF dementia review indicator**   
  -------------------------- -------------------- ----------------------------------- ------------
  Model BC: Base case        Dementia register    A/ \[D+E\]                          E/ \[D+E\]
  Model SA1: Sensitivity-1   Predicted register   A/ \[D+E\]                          E/ \[D+E\]
  Model SA2: Sensitivity-2   Dementia register    A/ D                                E/ \[D+E\]

Legend: QOF = Quality and Outcomes Framework; A = QOF achievement (numerator); D = QOF denominator; E = patients exception-reported

[Table 2](#pone.0121506.t002){ref-type="table"} provides descriptive statistics for the variables used in the analyses.

10.1371/journal.pone.0121506.t002

###### Descriptive statistics for regression samples.
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  Practice variable                                                        mean                                                                      SD      min     max   
  ------------------------------------------------------------------------ ------------------------------------------------------------------------- ------- ------- ----- -----
  *Dependent variables*                                                    Admissions (emergency): dementia                                          1.0     1.3     0     27
                                                                           Admissions (emergency): ACSCs                                             3.0     3.0     0     42
                                                                           Admissions (elective)                                                     0.3     0.6     0     6
  *Exposure measures*                                                      Dementia register (no. patients)                                          29.4    27.2    1     509
                                                                           Predicted register [^b^](#t002fn003){ref-type="table-fn"}(no. patients)   73.7    68.2    1     816
  *Quality (QOF) variables*                                                QOF achievement(%) [^a^](#t002fn002){ref-type="table-fn"}                 75.6    15.9    0     100
                                                                           Underlying QOF achievement (%) [^c^](#t002fn004){ref-type="table-fn"}     81.9    14.6    0     100
                                                                           QOF Exception rate (%)                                                    7.8     10.2    0     100
  *GP practice characteristics* [^*a*^](#t002fn002){ref-type="table-fn"}   No. patients on practice list ('000s)                                     6.72    4.04    1     41
                                                                           \% female GPs in practice                                                 39.03   27.17   0     100
                                                                           Average age of GPs in practice (years)                                    48.00   7.63    28    76
                                                                           \% UK qualified GPs in practice                                           67.34   37.55   0     100
                                                                           Single handed practice                                                    0.16    0.36    0     1
                                                                           PMS practice                                                              0.42    0.49    0     1
                                                                           Average age of practice patients (years)                                  38.97   4.11    22    56
                                                                           \% male patients in practice                                              50.25   2.36    38    80
                                                                           \% practice patients residing in urban areas                              82.18   31.03   0     100
                                                                           \% non-white patients in practice                                         11.27   15.31   0     81
                                                                           \% 60+ in income deprivation in practice area                             22.47   10.82   4     80
                                                                           \% informal carers in practice area                                       9.90    1.34    5     15
  *Access to care* [^*a*^](#t002fn002){ref-type="table-fn"}                \% report access to primary care within 48hrs                             83.83   10.96   0     100
                                                                           Minimum distance from acute hospital (km)                                 3.85    3.81    0     36
  *Social support* [^*a*^](#t002fn002){ref-type="table-fn"}                \% AA claimants                                                           15.91   3.36    4     31
                                                                           \% AA claimants paid higher rate                                          53.89   6.03    29    76
                                                                           \% practice patients 65+ in nursing home                                  3.36    4.16    0     74

Legend: AA = attendance allowance; ACSC = ambulatory care sensitive condition; GP = general medical practitioner; N = number of observations; PMS = Personal Medical Services; QOF = Quality and Outcomes Framework; SD = standard deviation.

^a^ Values in Model BC (base case analysis. N = 39,362)

^b^ Model SA1 = Sensitivity-1 (N = 39,362)

^c^ Model SA2 = Sensitivity-2 (N = 39,335)

Hospital admissions {#sec007}
-------------------

To identify relevant admissions for our dependent variables, we used a four step approach. First, we mapped Read codes---the clinical codes used in UK primary care---for the QOF dementia register to the diagnostic codes used for hospital care (ICD10). This ensured that the criteria for identifying hospital admissions matched the eligibility criteria for the QOF dementia register. The Health and Social Care Information Centre (HSCIC) provided a mapping algorithm, and we checked this against a mapping based on a large UK primary care database, the Clinical Practice Research Datalink. The final list of ICD10 codes for dementia was: F00-F03, G300-G309, G310, G311, G318, F051 and F107. Second, we identified individuals in the Hospital Episode Statistics (HES) who had at least one of these codes as their primary or secondary diagnosis during the sample period 2006/07--2010/11. Third, we extracted three samples from HES based on three types of admission (i.e. our dependent variables). Fourth, we dropped all admissions that occurred before a patient's first (inpatient) dementia diagnosis, and, to ensure consistency with QOF registers which are defined at the end of the financial year, admissions occurring during the year the patient died.

Emergency dementia admissions were defined as those where the patient had a primary diagnosis of dementia on admission. Emergency ambulatory care sensitive conditions were defined by specific ICD10 codes \[[@pone.0121506.ref015]\]. Elective conditions comprised cataract, hip replacement, hernia, prostate disease, or hearing loss, selected in consultation with our lay project advisors as those that might reasonably be identified at the QOF annual dementia review. For each admission type, we defined the dependent variable as the number of practice patients aged 18 or over with at least one admission to hospital within a year. [Table 1](#pone.0121506.t001){ref-type="table"} shows the three models that were tested with each of the three dependent variables (admission types), and [Table 2](#pone.0121506.t002){ref-type="table"} provides descriptive statistics.

Quality of care {#sec008}
---------------

The primary explanatory variable of interest was the quality of care provided by the practice, which was proxied by the QOF indicator scores for the dementia review. The quality indicators for dementia were introduced in April 2006, and we compiled a set of panel data covering the financial years 2006/7 to 2010/11. QOF indicator scores are freely available at practice level (<http://qof.hscic.gov.uk/>), but are not published at patient level. We measured achievement based on the total number of people in the practice for whom the indicator was achieved, divided by the total number of eligible people ([Table 1](#pone.0121506.t001){ref-type="table"}). We did not use QOF points or thresholds in the achievement measure, as points-based measures understate between-practice variation in quality and may be subject to gaming behaviour \[[@pone.0121506.ref016]\]. GPs may 'exception report' individuals who are considered unsuitable for treatment, or who are newly registered with the practice or newly diagnosed, or who make an informed dissent. In the base case analysis, we included exception-reported individuals in the denominator for the achievement calculation. A typical practice excludes (exception reports) around 8% of eligible patients from the dementia annual review \[[@pone.0121506.ref017]\], but clearly these individuals are still at risk of hospitalisation. To test the impact of exception reporting, the exception rate was included as a separate covariate in all analyses (i.e. additional to the achievement measure). As a sensitivity analysis, we also tested a modified quality indicator that excluded exception-reported patients from the denominator (see [Table 1](#pone.0121506.t001){ref-type="table"}; Model SA2); this higher QOF achievement rate is the measure used for reimbursing practice performance. The average annual review rates were relatively stable over our sample period, but performance was sufficiently variable to allow differences within and between practices to be tested.

Exposure terms {#sec009}
--------------

Our base case exposure term---the pool of individuals in a practice who were at risk of admission---was the reported QOF dementia register. However, less than half of those in England with dementia have a formal diagnosis \[[@pone.0121506.ref018]\], and the QOF dementia register is therefore highly likely to underestimate the 'true' disease prevalence. To test the robustness of findings, we used an alternative measure for our exposure term ([Table 1](#pone.0121506.t001){ref-type="table"}; Model SA1). This alternative measure was derived from published estimates of 'true' population prevalence figures \[[@pone.0121506.ref019]\], officially considered to be "the most authoritative to date" \[[@pone.0121506.ref020]\]. We used age-gender band prevalence estimates for early and late onset dementia to predict the QOF register for each GP practice in each year, adjusting for the number of patients in nursing homes where prevalence is higher (details are provided in [S1 Appendix](#pone.0121506.s001){ref-type="supplementary-material"}). We tested the effect of this revised exposure term in our regressions. On average, the predicted register is more than twice the reported QOF dementia register ([Table 2](#pone.0121506.t002){ref-type="table"}). In [Fig. 1](#pone.0121506.g001){ref-type="fig"}, the impact of this difference between the registers is mapped at local health authority (PCO, primary care organisation) level. The figure shows how PCO average register estimates vary when based on (a) the reported QOF dementia register and (b) the predicted register, with darker red indicating larger numbers. In map (c), darker blue indicates a larger change when moving from (a) to (b). These figures were generated using ArcGIS software and we used the same intervals in figures (a) and (b) to facilitate comparison.

![GP practice QOF dementia registers: average for English Local Health Authorities, 2010/11.](pone.0121506.g001){#pone.0121506.g001}

Other covariates {#sec010}
----------------

Hospital admissions are influenced by factors other than the quality of primary care, and people with dementia often have complex health and social care needs. Our analyses therefore adjusted for an array of factors ([Table 2](#pone.0121506.t002){ref-type="table"}). These were selected in consultation with lay advisors to the research project, who have experience of caring for family members with dementia.

To control for primary care practice characteristics, we used data from the General Medical Services (GMS) dataset, QOF dataset and Attribution Dataset (ADS). To control for local population characteristics, we used data from the ONS Neighbourhood Statistics which are available at Lower Super Output Area (LSOA) level. LSOAs are defined geographic units that cover an average population of 1,500 people. As defined by the 2001 Census, there were 32,482 LSOAs in England during the study period (2006/7 to 2010/11). The ADS provides a breakdown of the practice population by LSOA. We derived a weighted average of the local population characteristics of the practice (e.g. deprivation, ethnicity, informal care) and assigned this to the practice. ADS data are collected at the start of the financial year, whereas QOF data are collected at the end of the financial year. We therefore adjusted the estimates based on ADS by taking moving averages across two years of data.

We derived two measures to reflect differences between practices in terms of access to care. First, the variable on 48-hour access to primary care came from the annual GP Patient Survey. Second, to adjust for patients' geographical access to emergency care we estimated the straight line distance from the primary care practice to the nearest acute hospital, using postcode data for primary care practices and acute hospitals from the HSCIC. Calculations were based on the grid reference from the postcodes of all the practice branches and of acute hospitals \[[@pone.0121506.ref021]\]. Straight line distances are a good proxy for road distances, and are less computationally demanding \[[@pone.0121506.ref022], [@pone.0121506.ref023]\].

The level of social support provided in the community may help prevent acute hospital admissions \[[@pone.0121506.ref024]\]. We used three measures of social support: the proportion of practice patients aged 65 and over who were nursing homes residents, based on time series data from the HSCIC; and two variables based on Attendance Allowance (AA) data from the Department of Work and Pensions. AA is a social benefit for people aged 65 or over who have a physical or mental disability and need help with personal care. It is not means tested, is available at lower and higher rates depending on need, and can be used to pay for care from any provider. We derived two practice-level measures: the percentage of people claiming AA; and the percentage of AA claimants who were paid at the higher rate. Around 16 percent of practice patients aged 65 and over claim AA, with over half of those receiving the higher rate.

Our practice-level measure of deprivation was the percentage of people aged 60 or over living in income deprivation. Uptake of AA was positively correlated with this measure of deprivation, but the relationship was not linear. We therefore used a set of interaction terms to test whether the effect of AA varied depending on the level of deprivation. Specifically, we interacted the percentage of AA claimants in the practice with a categorical measure of deprivation that grouped practices according to whether the percentage of people aged 60 or over living in income deprivation was low (\<20%; 50% of practices), medium (20% to 35%; 37% of practices) or high (\> 35%; 13% of practices).

Model specification and statistical analysis {#sec011}
--------------------------------------------

After excluding patients younger than 18 and those who changed practices within a year, we merged the HES patient-level data with the QOF practice-level data and linked these to the covariates derived from the other datasets. We dropped practices with a list size of fewer than 1,000 patients because these practices have relatively small numbers of patients with dementia and practice performance is therefore subject to large fluctuations over time. Our final dataset provided an unbalanced panel of between 7,697 and 7,965 GP practices per year, with most practices (82.5%) contributing five years of data.

We ran panel count data models to test the impact of primary care quality on hospital admissions. Our response variable was defined as the number of people admitted to hospital *adm* ~*it*~ at least once in year *t* = 2006/07,...,2010/11 from GP practice *i* = 1,...,*N*. Around 11% of practices had no emergency admissions for dementia over the 5 year study period, and for elective admissions the figure was over 40%. As these practices could not contribute data to fixed effects models, we estimated random effects Poisson models for the three admission types specified as follows: $$adm_{it} \sim P\lbrack\alpha_{i} \ast risk_{it} \ast \exp(Q_{it}\gamma + {X^{\prime}}_{it}\beta + D_{t}\lambda)\rbrack$$

In this equation, *Q* ~*it*~ is the variable for GP practice quality as measured by the QOF; *X* ~*it*~ is a vector of covariates that capture differences in the practice patient population and the supply of and access to other care resources; *D* ~*t*~ is a vector of time dummy variables to control for temporal trends in hospital admission; *risk* ~*it*~ is the number of patients at risk of admission which in our base case analysis (Model BC) is defined as the QOF dementia register (see subsection: Exposure terms).

The GP practice-specific effects *α* ~*i*~ capture unobserved, time-invariant practice effects, in other words any practice behaviour that influences admission rates, including, but not limited to, decisions specifically on hospital care. Following the convention we assume a conjugate gamma density for the multiplicative GP practice-specific random effects \[[@pone.0121506.ref025]\].

Estimation of random effects is carried out by maximizing the likelihood that results after integrating out the conjugate random effects \[[@pone.0121506.ref026]\]. We calculated bootstrapped standard errors for the random effects model. Statistical significance was assessed at the 5%, 1% and 0.1% levels.

The coefficient estimates can be interpreted as the percentage change in admissions resulted from a *partial* change in a variable (semi-elasticity). The exponentiated coefficients or incidence rate ratios (IRRs) also facilitate a semi-elasticity interpretation with (IRR-1)\*100 estimating the result of a *discrete* (one percentage point) change in the QOF rate on the percentage change in admissions. For instance, an IRR of 0.9975 implies a reduction in admissions of 0.25%. Details of the method used to calculate IRRs for the AA and deprivation variables which involve interaction terms are provided in [S2 Appendix](#pone.0121506.s002){ref-type="supplementary-material"}.

We ran two sensitivity analyses to test the robustness of findings ([Table 1](#pone.0121506.t001){ref-type="table"}). First, we used an alternative measure for our exposure term (Model SA1; Sensitivity-1). Second, we tested a modified measure of achievement that excluded exception-reported patients (Model SA2; Sensitivity-2), as this measure is the basis on which practices are rewarded. Analyses were performed using Stata, version 12 (StataCorp LP, TX).

Ethics statement {#sec012}
----------------

This was a retrospective analysis of previously collected, non-identifiable information, and involved no change in the management of patients. Obtaining individual consent was not feasible so patient records were anonymized and de-identified prior to analysis. The Health and Social Care Information Centre (HSCIC) handles requests for de-identified data and has a legal responsibility to ensure there is an appropriate legal basis to permit the release and subsequent processing of data, that all necessary approvals are in place, and that organisations have appropriate arrangements and safeguards for secure data handling. The HSCIC approved the release of the Hospital Episode Statistics (<http://www.hscic.gov.uk/hes>) data to the University of York (Data Re-Use Agreements RU115; RU536; RU750).

Results {#sec013}
=======

In the base case analysis, higher QOF achievement had no significant effect on any type of hospital admission ([Table 3](#pone.0121506.t003){ref-type="table"}). When the predicted register was used to account for under-diagnosis (Model SA1), a one-percentage point improvement in QOF achievement was associated with a small but statistically significant reduction in emergency admissions for both dementia (-0.1%; P = 0.011) and ACSCs (-0.1%; P = 0.001) ([Table 4](#pone.0121506.t004){ref-type="table"}).

10.1371/journal.pone.0121506.t003

###### Effects of the QOF review on hospital admissions: results from the base case analysis (Model BC).
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                                              Emergency admissions for dementia   Emergency admissions for ACSCs   Elective admissions                                                             
  ------------------------------------------- ----------------------------------- -------------------------------- --------------------- ------- ---------------- ------- ------- ---------------- -------
  *QOF variables*                                                                                                                                                                                  
   QOF achievement rate                       0.999                               (0.998, 1.000)                   0.080                 1.000   (0.999, 1.000)   0.286   0.999   (0.997, 1.001)   0.426
   QOF exception rate                         1.002                               (1.000, 1.004)                   0.015                 0.999   (0.998, 1.000)   0.117   0.998   (0.995, 1.001)   0.142
  *GP practice characteristics*                                                                                                                                                                    
   Mean age of practice pop                   1.004                               (0.998, 1.009)                   0.231                 0.994   (0.990, 0.998)   0.004   1.002   (0.993, 1.010)   0.662
   % male patients                            1.008                               (1.001, 1.016)                   0.029                 0.998   (0.991, 1.004)   0.494   1.018   (1.002, 1.034)   0.028
   % female GPs                               1.000                               (0.999, 1.000)                   0.317                 0.999   (0.999, 1.000)   0.000   1.000   (0.999, 1.001)   0.952
   Mean age of GPs                            1.004                               (1.001, 1.007)                   0.005                 1.000   (0.999, 1.002)   0.704   1.006   (1.002, 1.010)   0.002
   % UK qualified GPs                         1.000                               (0.999, 1.000)                   0.202                 0.998   (0.998, 0.999)   0.000   1.000   (0.999, 1.001)   0.850
   PMS practice                               0.975                               (0.947, 1.003)                   0.084                 0.989   (0.972, 1.007)   0.227   1.043   (0.993, 1.095)   0.090
   Single handed practice                     1.000                               (0.974, 1.093)                   0.291                 1.000   (0.991, 1.063)   0.146   1.000   (0.881, 1.120)   0.915
   No. registered patients (practice list)    0.994                               (0.989, 0.999)                   0.009                 0.993   (0.990, 0.996)   0.000   0.996   (0.991, 1.002)   0.175
   % patients residing in urban areas         1.001                               (1.000, 1.002)                   0.002                 1.002   (1.002, 1.003)   0.000   1.000   (0.999, 1.001)   0.917
   % non-white patients                       0.997                               (0.995, 0.998)                   0.000                 1.003   (1.002, 1.004)   0.000   0.999   (0.997, 1.002)   0.492
   % informal carers                          1.007                               (0.990, 1.024)                   0.436                 1.008   (0.995, 1.020)   0.216   0.997   (0.973, 1.020)   0.769
  *Access to care*                                                                                                                                                                                 
   Minimum distance for acute hospital        0.995                               (0.991, 1.000)                   0.046                 0.995   (0.992, 0.998)   0.004                            
   % report access within 48hrs               0.997                               (0.996, 0.999)                   0.000                 0.997   (0.996, 0.998)   0.000   0.996   (0.994, 0.998)   0.000
   % 60+ in low deprivation *\[reference\]*                                                                                                                                                        
   % 60+ in medium deprivation                1.310                               (1.094, 1.569)                   0.003                 1.272   (1.125, 1.438)   0.000   1.002   (0.717, 1.401)   0.990
   % 60+ in high deprivation                  2.584                               (1.858, 3.594)                   0.000                 1.846   (1.496, 2.277)   0.000   0.814   (0.453, 1.462)   0.492
  *Social support*                                                                                                                                                                                 
   % AA claimants (low deprivation)           1.012                               (1.002, 1.022)                   0.017                 1.006   (1.001, 1.012)   0.032   0.994   (0.982, 1.006)   0.330
   % AA claimants (med. deprivation)          1.002                               (0.993, 1.011)                   0.693                 1.000   (0.993, 1.006)   0.919   0.997   (0.981, 1.013)   0.732
   % AA claimants (high deprivation)          0.976                               (0.962, 0.991)                   0.002                 0.982   (0.973, 0.992)   0.000   1.007   (0.979, 1.035)   0.603
   % AA claimants paid higher rate            1.011                               (1.008, 1.014)                   0.000                 1.003   (1.002, 1.005)   0.000   1.003   (0.998, 1.007)   0.231
   % patients 65+ in nursing home             0.954                               (0.950, 0.959)                   0.000                 0.982   (0.978, 0.985)   0.000   0.958   (0.951, 0.965)   0.000
  *Year dummies*                                                                                                                                                                                   
   Year 2006/07*\[reference\]*                                                                                                                                                                     
   Year 2007/08                               0.939                               (0.909, 0.970)                   0.000                 1.111   (1.088, 1.135)   0.000   1.473   (1.354, 1.603)   0.000
   Year 2008/09                               0.867                               (0.838, 0.898)                   0.000                 1.289   (1.261, 1.318)   0.000   1.762   (1.643, 1.890)   0.000
   Year 2009/10                               0.852                               (0.824, 0.880)                   0.000                 1.390   (1.357, 1.424)   0.000   2.075   (1.941, 2.218)   0.000
   Year 2010/11                               0.729                               (0.701, 0.758)                   0.000                 1.434   (1.396, 1.473)   0.000   2.351   (2.210, 2.501)   0.000

Legend: AA = attendance allowance; ACSC = ambulatory care sensitive condition; CI: confidence interval; GP = general medical practitioner; IRR = incidence rate ratio; QOF = Quality and Outcomes Framework (annual dementia review indictor); PMS = Personal Medical Services.

10.1371/journal.pone.0121506.t004

###### Regression results for key variables: all models.
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                                       **Emergency admissions for dementia**   **Emergency admissions for ACSCs**   **Elective admissions**                                                                                        
  ------------------------------------ --------------------------------------- ------------------------------------ ------------------------- ---------------- ---------------- ---------------- ---------------- ---------------- ----------------
  QOF achievement rate                 0.999                                   0.999                                0.999                     1.000            0.999            1.000            0.999            0.999            0.999
                                       (0.998, 1.000)                          (0.998, 1.000)                       (0.998, 1.000)            (0.999, 1.000)   (0.999, 1.000)   (0.999, 1.000)   (0.997, 1.001)   (0.997, 1.001)   (0.998, 1.001)
                                       \[0.080\]                               \[0.011\]                            \[0.068\]                 \[0.286\]        \[0.001\]        \[0.464\]        \[0.426\]        \[0.297\]        \[0.525\]
  QOF exception rate                   1.002                                   1.001                                1.003                     0.999            0.999            0.999            0.998            0.996            0.998
                                       (1.000, 1.004)                          (0.999, 1.002)                       (1.001, 1.005)            (0.998, 1.000)   (0.997, 1.000)   (0.998, 1.000)   (0.095, 1.001)   (0.093, 0.999)   (0.995, 1.001)
                                       \[0.015\]                               \[0.300\]                            \[0.000\]                 \[0.117\]        \[0.004\]        \[0.147\]        \[0.142\]        \[0.011\]        \[0.235\]
  \% AA claimants (low deprivation)    1.012                                   1.015                                1.012                     1.006            1.010            1.006            0.994            0.998            0.994
                                       (1.002, 1.022)                          (1.006, 1.024)                       (1.003, 1.021)            (1.001, 1.012)   (1.004, 1.015)   (0.999, 1.013)   (0.982, 1.006)   (0.986, 1.010)   (0.980, 1.008)
                                       \[0.017\]                               \[0.001\]                            \[0.008\]                 \[0.032\]        \[0.001\]        \[0.076\]        \[0.330\]        \[0.744\]        \[0.375\]
  \% AA claimants (med. deprivation)   1.002                                   0.989                                1.002                     1.000            0.987            1.000            0.997            0.983            0.997
                                       (0.993, 1.011)                          (0.982, 0.997)                       (0.991, 1.012)            (0.993, 1.006)   (0.980, 0.993)   (0.933, 1.006)   (0.981, 1.014)   (0.967, 0.999)   (0.981, 1.013)
                                       \[0.693\]                               \[0.006\]                            \[0.737\]                 \[0.919\]        \[0.000\]        \[0.933\]        \[0.732\]        \[0.040\]        \[0.721\]
  \% AA claimants (high deprivation)   0.976                                   0.955                                0.976                     0.982            0.965            0.982            1.007            0.988            1.008
                                       (0.962, 0.991)                          (0.940, 0.971)                       (0.962, 0.990)            (0.973, 0.992)   (0.954, 0.975)   (0.972, 0.992)   (0.979, 1.035)   (0.959, 1.017)   (0.983, 1.034)
                                       \[0.002\]                               \[0.000\]                            \[0.001\]                 \[0.000\]        \[0.000\]        \[0.001\]        \[0.603\]        \[0.415\]        \[0.524\]
  \% AA claimants paid higher rate     1.011                                   1.015                                1.011                     1.003            1.008            1.003            1.003            1.006            1.003
                                       (1.008, 1.014)                          (1.013, 1.018)                       (1.008, 1.014)            (1.002, 1.005)   (1.006, 1.009)   (1.001, 1.005)   (0.998, 1.007)   (1.002, 1.010)   (0.999, 1.007)
                                       \[0.000\]                               \[0.000\]                            \[0.000\]                 \[0.000\]        \[0.000\]        \[0.001\]        \[0.231\]        \[0.003\]        \[0.194\]
  \% patients 65+ in nursing home      0.954                                   0.950                                0.954                     0.981            0.976            0.982            0.958            0.953            0.958
                                       (0.950, 0.959)                          (0.944, 0.955)                       (0.950, 0.959)            (0.978, 0.985)   (0.972, 0.980)   (0.979, 0.984)   (0.951, 0.965)   (0.946, 0.961)   (0.950, 0.966)
                                       \[0.000\]                               \[0.000\]                            \[0.000\]                 \[0.000\]        \[0.000\]        \[0.000\]        \[0.000\]        \[0.000\]        \[0.000\]

Legend: Model BC = base case analysis; Model SA1 = Sensitivity-1 (using predicted register as exposure); Model SA2 = Sensitivity-2 (alternative QOF achievement measure)

AA = attendance allowance; ACSC = ambulatory care sensitive conditions; CI: confidence interval; QOF = Quality and Outcomes Framework (annual dementia review indictor).

In the sensitivity analysis where the QOF indicator used for reimbursement (A/D) was used in place of the base case QOF achievement measure (Model SA2), results did not differ from the base case.

The effects of QOF exception reporting were also sensitive to assumptions about under-diagnosis ([Table 4](#pone.0121506.t004){ref-type="table"}). In the base case, a one percentage point increase in the QOF exception-reporting rate was associated with a small increase (0.2%) in emergency admissions for dementia (P = 0.015), but had no impact on emergency admissions for ACSCs or on elective admissions. When the predicted register was used (Model SA1), exception reporting had no significant effect on dementia admissions, but was associated with lower admissions for ACSC and lower elective admissions.

Practices with larger list sizes (more registered patients) had significantly fewer emergency admissions. With regard to access to care, practices with a higher percentage of patients able to make appointments within 48 hours had significantly fewer admissions of all three types. Greater distance to the nearest acute hospital was associated with lower emergency admissions for both dementia and ACSCs.

Compared to practices with low levels of income deprivation, practices with medium (high) levels of deprivation had 31% (258%) more emergency dementia admissions, but these large effects took no account of the interaction between deprivation and AA. As the proportion of AA claimants within a practice increased, the effects of deprivation diminished. At the mean value of AA uptake (15.9%), a high level of deprivation was associated with an increase in admissions of 11.7%. In practices where a smaller proportion of older people were living in income deprivation, higher levels of uptake of the social benefit were associated with more emergency admissions ([Table 4](#pone.0121506.t004){ref-type="table"}). In practices with greater deprivation, the reverse effects were observed: emergency admissions were significantly lower, with a one percentage point increase in uptake of AA associated with a decrease in emergency admissions of -2.4% (dementia admissions) and -1.8% (ACSCs). In all analyses, practices with a higher proportion of nursing home patients had significantly fewer emergency admissions for dementia (ranging from -4.6% to -5.0%) and ACSCs (-1.8% to -2.4%) and significantly lower elective admissions (-4.2% to -4.7%) (P\< 0.001).

Discussion {#sec014}
==========

Our study found that the annual health check for dementia undertaken by primary care practices as part of the QOF may be associated with reduced emergency hospital admissions in people with dementia. However, the impact was small and its statistical significance depended on the method for estimating disease prevalence. Given the rising prevalence of dementia, the increasing pressure on acute hospital beds and the poor outcomes associated with hospital stays for this patient group \[[@pone.0121506.ref009]\], this small change may, nonetheless, be clinically and economically relevant. It could also be cost-effective, although further research is needed to test this. Our study found no evidence of a link between annual health checks and elective admissions for specific conditions.

Some types of interventions may be more effective in reducing unplanned hospital admissions. A systematic review found lower rates of admission in practices with better preventative prescribing for asthma, and in practices with diabetes clinics; but asthma clinics and higher quality primary care for diabetes had no discernible impact \[[@pone.0121506.ref027]\]. Evidence on the impact of QOF performance on admissions is similarly mixed \[[@pone.0121506.ref028]\]. Negative associations (lower admissions) have been reported for diabetes \[[@pone.0121506.ref029], [@pone.0121506.ref030]\], angina \[[@pone.0121506.ref031]\], stroke \[[@pone.0121506.ref032]\] and epilepsy \[[@pone.0121506.ref033]\]; and no associations, or mixed effects, have been reported for asthma, chronic obstructive pulmonary disease and coronary heart disease \[[@pone.0121506.ref034]--[@pone.0121506.ref036]\].

Similar evidence in relation to dementia is scarce. A large study of Medicare claims data reported that those with a dementia diagnosis were more than three times as likely as others to have a hospital admission and more than twice as likely to have an ACSC hospital admission, pointing to potential failures in the ambulatory care sector \[[@pone.0121506.ref037]\]. An English study found that people with dementia were at higher risk of emergency admission \[[@pone.0121506.ref038]\]. Most of these admissions were for ACSCs, rather than dementia, and other studies confirm that ACSCs are prevalent in this inpatient group \[[@pone.0121506.ref039], [@pone.0121506.ref040]\].

This research adds to the sparse literature on the relationship between primary and secondary care for dementia patients and in particular on the 'protective' effect of higher quality primary care (as measured by the QOF) on emergency hospital admissions. Whilst this association does not necessarily imply the relationship is causal, we have made efforts to ensure the robustness of our methods and undertaken extensive sensitivity analyses to demonstrate our associations are qualitatively consistent. Our study quantifies the relationship using panel data to account for potential confounding effects, and is the first to explore the impact of under-diagnosis on the relationship between quality of primary care and hospital admissions. Another novel finding is that a social benefit, Attendance Allowance, was consistently associated with lower unplanned admissions (typically by around 2%) in practices where a higher proportion older people were living in income deprivation. Efforts to remove barriers to accessing social support could therefore be targeted towards these disadvantaged groups, and policy makers may also wish to investigate the level of benefit needed to prevent admissions. However, further research is needed to verify these findings and to guide policy.

There are some limitations of our study that could be addressed in future research. First, the QOF review targets the needs of both dementia patients and the support needs of their caregivers. The vital role that caregivers have in supporting people with dementia is reflected in the fact that two-thirds of dementia patients live at home, most receiving care from their family members \[[@pone.0121506.ref019]\]. Protecting caregivers' health and wellbeing is considered to be a major factor in preventing crises and preventing or delaying admission to hospital or long-term residential care \[[@pone.0121506.ref041], [@pone.0121506.ref042]\]. However, the lack of individual-level data on caregivers meant that we could only adjust for the provision of informal care at the small area level.

Second, admissions were measured at patient level whilst QOF performance was at practice level. This meant it was unclear whether or when individuals who were admitted to hospital had received a QOF dementia review, or what other types of care they had received outside of hospital. A multilevel analysis using individual-level primary care data that takes account of the clustering of patients within practices and of admissions within hospitals would be needed to test the validity of our findings.

Third, future analyses could incorporate additional confounding factors. For instance, hospital admission may be influenced by the availability of nursing home beds, or intermediate care facilities. However, some important factors are difficult to capture in a statistical model, such as continuity of primary care, the quality of the doctor/patient interaction, the level of integration across health and social care settings, the expertise of individual practitioners, and access to services such as memory clinics or respite services for carers. Furthermore, routine data rarely include information on disease severity or frailty. More generally, dementia diagnoses are likely to be underreported, although the introduction of the dementia case-finding financial incentive scheme for English hospitals, FAIR (Find, Assess, Investigate and Refer), in 2012/13 should help address this particular issue. In addition, the use of routine administrative data always presents challenges in terms of data recording and accuracy.

Currently, around 35.6 million individuals world-wide are estimated to have dementia. That number is expected to double by 2030 and to triple by 2050 \[[@pone.0121506.ref001]\]. In the absence of clinically effective pharmacological interventions for dementia, 'usual care' will continue to be defined by a package of services designed to address the health and care needs of individuals with dementia and their caregivers. Further research on how to improve the quality and effectiveness of those services is therefore essential.
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